. The last of these has a hitherto unknown molecular topology, an edge-fused polyhedron containing three Rh@Sn 10 subunits, and represents the largest endohedral Group 14 Zintl cluster yet to have been isolated from solution. DFT has been used to place these new species in the context of known cluster chemistry, and their structural properties provide clear evidence that the 4d orbitals of Rh are far from inert. ESI-MS experiments on the reaction mixtures reveal the ubiquitous presence of {RhSn 8 } fragments that may play a role in cluster growth.
Experimental Procedures
All manipulations and reactions were performed in a nitrogen atmosphere using standard Schlenk or glovebox techniques. En (Aldrich, 99%) and DMF (Aldrich, 99.8%) were freshly distilled by CaH 2 prior to use. Tol (Aldrich, 99.8%) was distilled from sodium/benzophenone under nitrogen and stored under nitrogen. 2,2,2-crypt (4, 7, 13, 16, 21, hexacosane, purchased from Sigma-Aldirich, 98%) was dried in vacuum for one day prior to use. K 4 Sn 9 was synthesized by heating the elements K and Sn (K (Aldrich, 99%), Sn (Aldrich, 99.8%)) at 1000℃ for two days in a niobium tube. [(COE) 2 Rh(u-Cl)] 2 was prepared according to literature methodology. 1 X-ray Diffraction. Suitable single crystals were selected for X-ray diffraction analyses. Crystallographic data were collected on a Bruker Apex II CCD diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). Data processing was accomplished with the SAINT program. Structures were solved using direct methods and then refined using SHELXL-2014 2 to convergence, in which all the non-hydrogen atoms were refined anisotropically during the final cycles. All hydrogen atoms of the organic molecule were placed by geometrical considerations and were added to the structure factor calculation. Positional disorder was found in the cluster site in compound 1, and this was modeled accordingly (see the Supporting Information for details). Non-merohedral twinning in the crystal 1 was identified [Twin Rot Mat within PLATON (Spek, 2009) ], 3 and the crystal was refined with hkl 5 format. The twin law gives a final refined BASF parameter of 0.234 (3) . In 3, one en molecule was refined at split positions with partial occupations. A summary of the crystallographic data for these two complexes is listed in Table S1 . A summary of the crystallographic data for these complexes is listed in Table S1 , and selected bond distances are given in Tables S2-S6 4 Sn.
Energy Dispersive X-ray (EDX) Spectroscopy. EDX Analysis was performed using a scanning electron microscope (Hitachi S-4800) equipped with a Bruker AXS XFlash detector 4010. Data acquisition was performed with an acceleration voltage of 20 kV and an accumulation time of 150 s.
Methods of the Quantum Chemical Investigations. Density functional theory calculations were performed using the Amsterdam Density Functional package (ADF2017.01) [4] [5] [6] using the gradient-corrected (GGA) functional proposed by Becke and Perdew (BP86) 7, 8 . A Slater-type basis sets of triple-ζ quality, extended with a single polarisation function (TZP), was used to describe Co/Ni/Rh while a DZP basis set was used to describe Sn. 9 Core orbitals up to 2p (Co/Ni), 3d (Rh) and 4p (Sn) were frozen. Relativistic corrections were incorporated using the Zero Order Relativistic Approximation (ZORA). 10 All structures were optimized using the gradient algorithm of Versluis and Ziegler. 11 The effect of surrounding cations was modelled using a continuum solvation model (the Conductor-like Screening Model, COSMO) with ε = 78.39. 12 Sn 9 (122 mg, 0.10 mmol) was weighed into a 10 mL vial inside a glovebox and dissolved in en (3 mL). After stirring for two hours, the dark red solution was filtered onto a mixture of [(COE) 2 Rh(u-Cl)] 2 (49.7mg, 0.10mmol) and 2,2,2-crypt (151 mg, 0.4 mmol) and allowed to stir for a further two hours. The resulting dark brown solution was filtered through glass wool and transferred to a test tube, then carefully layered by toluene (5 mL) (3): The synthesis of 3 followed exactly the same initial protocol described above for 1 and 2a. After removing the crystals of 1 and 2a, the solution was triturated with toluene and filtered through tightly packed glass wool in a pipet. Small quantities of dark brown thin plate-shaped of {K 3 [K(2,2,2-crypt)] 3 [Rh 2 @Sn 17 ]}•4en (3) crystallized at the wall of the tube after an additional two weeks in approximately 10% yield with regard to K 4 Sn 9 .
Synthesis of [K(2,2,2-crypt)] 5 [Rh 3 @Sn 24 ]•2DMF•Tol (4):
Method 1: K 4 Sn 9 (122 mg, 0.10 mmol) was weighed into a 10 mL vial inside a glovebox and dissolved in en (3 mL). After stirring for an hour, the dark red solution was filtered onto a mixture of [(COE) 2 Rh(u-Cl)] 2 (49.7mg, 0.10mmol) and 2,2,2-crypt (151 mg, 0.4 mmol) and allowed to stir for two hours. After removal of the en solvent, the solid residue was redissolved in DMF and heated at 50 C for six hours. The mixture is allowed to cool to room temperature for another 30 minutes. The dark green solution was filtered through glass wool and transferred to a test tube, then carefully layered by toluene to allow for crystallization. Small quantities of plate-like crystals of 4 and brown rod-like crystals of [K(2,2,2-crypt)] 3 [Rh@Sn 12 ]•2DMF (2b) were isolated after four weeks. The yield is ~25% in total based on K 4 Sn 9 .
Method 2：[K(2,2,2-crypt)] 3 [Rh@Sn 10 ]•en (150 mg, 0.06 mmol) was weighed into a 10 mL vial inside a glovebox and dissolved in DMF (2 mL). The resulting solution was heated at 50 C for 6 hours. The mixture is allowed to cool to room temperature for another 30 min, then was filtered through glass wool and layered by toluene to allow for crystallization. Black plate-like crystals of [K(2,2,2-crypt)] 5 [Rh 3 @Sn 24 ]•2DMF•Tol were isolated after four weeks (30% yield based on 1). Compound 1 crystallises in the triclinic space group P-1, and contains one independent cluster sites in the asymmetric unit. Positional disorder was found in cluster site and was modeled accordingly. The cluster [Rh@Sn 10 ] 3-adopts two different orientations, including a major component and a minor component. The occupancy of those two compositions were freely refined with the total site occupancy set to 100%, thus finally gave rise to a model with a 62:38 ratio of major to minor cluster site occupancy. The positions of 7 of the 10 Sn atoms are common to both major and minor components: only the positions of Sn(3/3'), Sn(9/9') and Sn(10/10') differ. 
Crystallographic Supplementation

Structure of [K(2,2,2-crypt)] 5 [Rh 3 @Sn 24 ]•2DMF•Tol. (4)
Figure S11. Asymmetric unit of 4. Thermal ellipsoids are drawn at 50% probability. Solvent molecules and hydrogen atoms have been omitted for clarity. 
Structure of [K(2,2,2-crypt)] 3 [Rh@Sn 12 ]•2DMF. (2b)
Figure S14. Asymmetric unit of 2b. Thermal ellipsoids are drawn at 50% probability. . Like the D 3d -symmetric anion in 2a, this cluster is also distorted away from the ideal I h -symmetric geometry, with Rh-Sn bond lengths ranging from 2.898-2.952 Å (see Table S6 ).
In Tables S2 -S6：measured and computed bond lengths for clusters 1-4. (6) 3.1470 (15) Sn (1)-Sn (6) 3.1470 (15) 3.21
Sn(2)-Sn (3) 2.9957 (5) Sn(2)-Sn(3') 3.177 (7) 3.12
Sn(2)-Sn (6) 2.909 (3) Sn (2) (4) 3.122 (5) Sn (3')-Sn (4) 2.817 (5) 3.06
Sn (3)-Sn (9) 2.974 (4) Sn (3')-Sn (9) 2.918 (7) 2.96
Sn (4)-Sn (5) 3.1517 (15) Sn (4)-Sn (5) 3.1517 (15) 3.21
Sn (4)-Sn (10) 2.915 (5) Sn (4)-Sn(10') 3.080 (7) 3.06
Sn (5)-Sn (6) 3.0772 (15) Sn (4)-Sn(9') 3.279 (5) 3.21
Sn (5)-Sn (7) 3.2138 (16) Sn (5)-Sn (7) 3.2138 (16) 3.27
Sn (5)-Sn (10) 3.027 (6) Sn (5)-Sn (10) 3.027 (6) 3.27
Sn(6)-Sn (7) 2.9689 (16) Sn (6)-Sn (7) 2.9689 (16) 3.06
Sn (7)-Sn (10) 3.044 (5) Sn (7)-Sn(10') 3.149 (5) 3.12
Sn (8)-Sn (9) 3.064 (4) Sn (8) (14) Rh (1)-Sn (5) 2.7032 (14) 2.77
Rh(1)-Sn (6) 2.7296 (14) Rh (1)-Sn (6) 2.7296 (14) 2.82
Rh(1)-Sn (7) 2.7870 (14) Rh (1)-Sn (7) 2.7870 (14) 2.90
Rh(1)-Sn (8) 2.6792 (14) Rh (1)-Sn (8) 2.6792 (14) 2.75
Rh (1)-Sn (9) 2.706 (3) Rh (1)-Sn(9') 2.670 (5) 2.75
Rh(1)-Sn (10) 2.887 (4) Rh (1) (5) Sn (13)-Sn (15) 3.0763 (6) Sn (1)-Sn (6) 3.0622 (7) Sn (13)-Sn (16) 3.0748 (7) Sn (1)-Sn (7) 3.1290 (7) Sn (13)-Sn (17) 3.0560 (6) Sn (1) Table S4 . Selected interatomic distances (in Å) of the experimental and optimized structures of 3. Atom numbering is given in Figure 5 in the main text. Table S6 . Selected interatomic distances (in Å) of the X-ray and optimized structures of the [Rh@Sn 12 ] 3− anion in compound 2b.
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ESI-MS Studies
Detailed ESI mass spectrum of the en reaction mixtures.
The ESI mass spectrum of the en resulting mixture in Figure 17 
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